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1
ADVANCED PACKET-BASED SAMPLE
AUDIO CONCEALMENT

RELATED APPLICATIONS

This application is a Divisional of U.S. patent application
Ser. No. 16/039,520, filed Jul. 19, 2018, which is a Con-
tinuation of U.S. patent application Ser. No. 15/720,702,
filed Sep. 29, 2017, now U.S. Pat. No. 10,043,523, issued
Aug. 7, 2018, which claims the benefit of U.S. Provisional
Patent Application No. 62/520,706 filed Jun. 16, 2017, all of
which are incorporated by reference herein in their entirety.

TECHNICAL FIELD

The present disclosure relates generally to embedded
systems, and more particularly wireless audio playback.

DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a system for wireless audio playback,
according to one embodiment.

FIG. 2 illustrates a receive circuit for receipt of wireless
audio information and playback, according to one embodi-
ment.

FIG. 3A illustrates audio information for a speaker,
according to one embodiment.

FIG. 3B illustrates audio information for a speaker,
according to one embodiment.

FIG. 4A illustrates a recording scheme for a sound stage,
according to one embodiment.

FIG. 4B illustrates a recording scheme for a point source,
according to one embodiment.

FIG. 5A illustrates audio information for a plurality of
channels with cross correlation illustrated for some of the
channels, according to one embodiment.

FIG. 5B illustrates audio information for a plurality of
channels with cross correlation illustrated for some of the
channels, according to one embodiment.

FIG. 6 illustrates a block of audio information including
a plurality of interleaved packets, according to one embodi-
ment.

FIG. 7 illustrates a method for detecting and concealing a
lost packet of audio information, according to one embodi-
ment.

FIG. 8 illustrates a method for applying a concealment
scheme, according to one embodiment.

FIG. 9 illustrates a block of audio information including
a plurality of interlaced packets, according to one embodi-
ment.

FIG. 10 illustrates a method for generated wireless audio
information, according to one embodiment.

FIG. 11 illustrates a method concealing lost packets of
audio information, according to one embodiment.

SUMMARY

In a first embodiment, the present invention is directed to
a method for concealing lost or otherwise corrupted packets
of audio information by receiving packets of information
through a wireless communication protocol. The packets of
information may correspond to a plurality of channels, each
channel corresponding to a speaker or other device. A
correlation factor may be determined for the channels, either
in pairs or as a whole, and packets that are lost or otherwise
corrupted may be recovered or concealed by applying a
concealment scheme based on correlated channels. In one

10

15

20

25

30

35

40

45

50

55

60

65

2

embodiment, all channels may be used by the concealment
scheme. In this embodiment, the correlation factor may be
used to weight each of the channels as the concealment
scheme is applied.

A second embodiment of the present invention may
include a number of speakers, each configured to receive
audio information for channels corresponding toe ach of the
speakers through a reliable multi-cast wireless communica-
tion protocol. A transmitter may send the audio information
over the reliable multicast. Speakers of the number of
speakers may calculate correlation factors for information
for the various channels of the reliable multi-cast and apply
a concealment scheme using audio information from other
channels when packets of audio information are lost or
otherwise corrupted.

In another embodiment of the present invention, a speaker
may include a receiver circuit for receiving audio informa-
tion from a transmitter, the audio information including
packets for several channels of a reliable multi-cast. The
transmitted and receiving of audio information may be over
a wireless communication protocol. The speaker may
include a processor circuit to determine a correlation factor
for the audio information for the channels of the reliable
multi-cast and to apply a concealment scheme to replace or
reconstruct lost or otherwise corrupted packets of audio
information based on the correlation factor.

DETAILED DESCRIPTION

FIG. 1 illustrates a system 100 for audio playback. System
100 may include a number of audio sources 110 including a
television 111 or other display device, an audio amplifier
112, an internet-connected audio receiver 113, a Blu-ray
player 114 or another digital video player, or a set-top box
115. In other embodiments, system 100 may include other
devices configured to play audio information. Audio sources
110 may be coupled to a wireless transmitter 120, which
may convert audio signals from the various devices in audio
sources 110 to a wireless protocol for speakers in sound
system 130. Sound system 130 may include left speaker 131,
right speaker 132, and center speaker 133. Sound system
130 may also include a sub-woofer 134, also referred to a
low frequency effects (LFE) speaker. Sound system 130 may
also include a left surround sound speaker 135 and a right
surround sound speaker 136.

The speakers of sound system 130 may include a circuit
for receiving and playing audio information. FIG. 2 illus-
trates one embodiment of a circuit for receiving wireless
audio information and playing sound corresponding to that
wireless audio information. Circuit 200 may include an
integrated circuit 210 coupled to an antenna for receiving
wireless information and a speaker 230 for generating sound
waves corresponding to the audio information. Integrated
circuit 210 may include a receiver for receiving wireless
audio information from antenna 220 and converting that
wireless information into a format that may be processed by
CPU 214. CPU 214 may be coupled to memory 216, which
may store programs executed by CPU 214 as well as
correlation information for channels from wireless transmit-
ter 120. CPU 214 may also be coupled to audio driver 218
for conversion of audio information into electrical pulses to
control speaker 230 for the production of sound.

Returning to FIG. 1, wireless transmitter 120 may be
configured to broadcast audio information for channels
corresponding to each of the speakers in sound system 130.
In one embodiment, individual speakers of sound system
120 may be configured to receive only the channel associ-
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ated with their location (or ID). In another embodiment, the
speakers of sound system 130 may be configured to receive
audio information using reliable multi cast (RMC).

In reliable multi cast, every channel is received by every
receiver. Because each channel is received by each receiver,
a concealment approach may be implemented that uses
channels not specifically assigned to a given receiver to
conceal or recover lost packets.

Audio information in each channel may be different.
However, there may be enough correlation across some or
all of the channels. In some cases, audio information for
multiple channels may be identical. In others, correlation
between channels may be sufficient to conceal or recover
lost packets of information based on all or some of the
channels for which packets were not lost. Correlation or
redundancy may be exploited by a concealment scheme
represented by some function, F, in the following equation:

F=F(C,Cs, . .., P, M

where X is a vector of estimate of missing channels in a
block, F is a function representative of a concealment
scheme, C, is the i” channel, and Tis the total number of
channels in the multi-cast.

The methods of multi-channel recording and the record-
ing conditions thereof provide some guidance into optimiz-
ing a multi-channel concealment scheme. FIG. 3 A illustrates
a portion of a song (“These Are Days” by Natalie Merchant)
for two channels corresponding to a left speaker 301 (FIG.
3A; Channel 1) and a right speaker 302 (FIG. 3B; Channel
2). The correlation between the left and right speakers 301
and 302 (channels 1 and 2) is evident. In some cases, the
relationship between channels may be more complex. How-
ever, to a first order a useful model may be created using a
linear (or non-linear) transform and a phase shift. Samples
for the left and right speakers may be given by:

X E X7 1 1m0), @

and

*ryeE (X,

3

where x1, is the n” sample for the right channel, xr,, is the
n™ sample for the right channel, F is a transfer fanction, and
no is the time shift between the channels.

While the example of FIG. 3 was recorded in a studio and
was therefore likely mixed by a studio engineer, live stereo
recording can be potentially modeled as well.

FIGS. 4A and 4B illustrate recording methods for live
music that is played from a sounds stage (FIG. 4A) and a
point source (FIG. 4B). In FIG. 4A, sound stage 410 may
serve as the source of the music and sound 412 may be
received by left microphone 415 and right microphone 417
according to their position relative to sound stage 410. In
FIG. 4B, point source 420 may serve as the source of the
music and sound 422 may be received by left microphone
415 and right microphone 417 according to their position
relative to point source 420.

In the Examples of FIGS. 4A and 4B, sound (audio)
reaching left microphone 415 and right microphone 417 may
have a time of arrival difference that may lead to a delay
between the channels. The orientation of microphones 415
and 417 in relation to sound stage 410 and point source 420
is also different. The differences in time of arrival and
orientation may be modeled into the transfer function, F, of
equations 2 and 3.

In more complex audio recordings, there may be signifi-
cant correlation between some channels and very little
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correlation between others. FIG. 5A illustrates a 5.1 audio
example 500 (“Video Idols”). There is significant correlation
between channels corresponding to the left speaker (501),
the right speaker (502) and the center speaker (503). How-
ever, there is very little visually noticeable correlation
between channels for the left, right, and center speakers and
the low frequency effects (LFE) channel 504. While the
correlation between left, right, and center speakers and LFE
channel 504 is not visually noticeable, there may be more
correlation if the left, right, and center speaker channels
were subjected to a low-pass filter. Audio example 500 may
also include a left surround direct (Lsd) channel 505 and
right surround direct (Rsd) channel 506. The correlation
between Lsd channel 505 and Rsd channel 506 may be
minimal, as shown in the example in FIG. 5. However, in
some cases, the correlation between Lsd channel 505 and
Rsd channel 506 may be high, while the correlation between
Lsd channel 505 and Rsd channel 506 and other channels,
such as left, right, and center speakers is minimal.

FIG. 5B illustrates another 5.1 audio example 510 that
demonstrates cross correlation between left channel 511 and
right channel 512, but very little cross correlation between
left channel 511 and right channel 512 and center channel
513. 5.1 audio example may show some low band cross
correlation between center channel 513 and LFE 514. A
similar lack of cross correlation between Lsd 515 and Rsd
516 may exist in audio example 510 as can be observed for
audio example 500.

Multi-channel concealment may use interleaving and
channel packing to offset channels in time to ensure that
correlated channels are available for concealment. FIG. 6
illustrates a simplified version of a 2-channel stereo audio
signal 600. 2-channel stereo audio signal 600 may include
six packets (601-606) and six forward error correction
(FEC) packets (611-616). Packet 601 may contain a frame n
601.1 for channel 1 and a frame n+1 601.2 for channel 2. In
one embodiment channels 1 and 2 may correspond to a left
channel and a right channel. Packet 602 may contain a frame
n+1 602_1 for channel 1 and a frame n 602_2 for channel 2.
This pattern of interleaving may continue through the inter-
leaving group of audio signal 600.

In the example of FIG. 6, if a packet is lost, the time frame
may still be available in an adjacent packet for another
channel. For example, if packet 602 is lost, then conceal-
ment or recovery of frame n+1 602.1 for channel 1 may be
aided by using frame n+1 601.2 of packet 601. Similarly,
concealment or recovery of frame n 602.2 for channel 2 may
be aided by using from n 601.1 of packet 601.

While an interleaving scheme is shown with just two
channels in FIG. 6, similar interleaved offset channel pack-
ing may be used in more complex audio signals including a
greater number of channels, different delay constraints, more
or less FEC, etc.

As shown in FIGS. 3 and 5A and 5B, cross correlation
between channels may be different between channels and
between the same channels over time. As the correlation
between two channels may be different at one time that it is
at another, it may be preferable to ensure the concealment
scheme is reflective of a cross correlation that is contempo-
raneous to the lost packet. To this end, the concealment
scheme of a mapping function thereof may be updated in
time.

FIG. 7 illustrates a method 700 for applying a conceal-
ment scheme in situations where correlation between chan-
nels over time. In step 710, all the frames are collected,
including those with good and bad packets. In step 720, a
bad or lost packet is detected, necessitating the application
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of a concealment or recovery scheme. In step 730, prior or
future frames (in time) are used to update the mapping
function or concealment or recovery scheme taking into
consideration the cross correlation of the channels and other
closeness measures. After the mapping function or conceal-
ment or recovery scheme is updated in step 730, it is applied
in step 740 to recover or conceal the bad or lost packet.

As an example, if packet 603 of FIG. 6 is lost, frames n+2
603.1 and n+3 603.2 must be concealed (or recovered). To
conceal the lost frame, in one embodiment, all of the data in
every channel may be used according to:

CU @=r(Cky), @
where Cu (1) is the concealment vector for the u” channel
of time 1, C, are the channels in the multicast, k, are all the
known frames for channel i, and F is the concealment
scheme function.

The concealment of the lost frame packets (603 in the
above example) may be implemented according method 800
of FIG. 8. First, the correlation of each channel to the others
may be determined in step 810. This may be done similar to
method 700 of FIG. 7 by looking at the channels over time.
Next, the concealment scheme may be applied using some
or all of the channels based on the determined cross corre-
lation between the channels. In one embodiment, all of the
channels may be used to conceal the lost packet. In this
embodiment, certain channels may be given greater weight
in the concealment scheme based on higher calculated
correlation. In another embodiment, a subset of the channels
may be used. In this embodiment, the channels used in the
concealment scheme may be determined by using the chan-
nels with the highest correlation value. In another embodi-
ment, the channels used in the concealment scheme may be
hard-coded based on the system configuration. For example,
channels corresponding to left and right may be default
correlated such that if a packet is lost for the left channel, the
right channel is used in the concealment scheme.

Step 810 of method 800 may be performed using audio
both before and after the lost packet. For example, if frames
n+1, n+2, n+3, or n+4 are lost, frames before and after are
present in the current or previous interleaving block (or
packet). In this case, the frames may be used in the con-
cealment scheme (and to update the mapping function)
without a delay. However, if a frame corresponding to n+5
is lost, only prior frames are available since a frame corre-
sponding to n+6 would be contained in the next interleaving
block. There may be excessive delay and buffering required
to use a frame in the next interleaving block.

In one embodiment, the cross correlation or other likeness
criterion may be performed after or in consideration of a
transformation between the channels according to equations
(2) and (3) above. The transformation may be updated using
good frames that are part of packets that are not lost and
received in an interleaving block associated with the packets
under test and with good frames that are part of packets that
were not lost and received in prior interleaving blocks. The
mapping function or transformation between two channels
may be given by:

CiP=Tiu(C,) )]

Where Tiu is some function that maps channel Ci to Cu,
wherein u is the channel that is being concealed in frame I.
Tiu may map channel Ci to Cu in a manner that minimizes
a distortion measure D” between the channels. Tiu may be
given by:
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i . 6
arg;mn {DT(CiTH, Cu)). ©

Tiu =

The concealment function may therefore be determined as
that function that minimizes distortion measure D7 when
applying the function to the transformed channels Ci”™ to
obtain and estimate of the lost channel (or packet of the
channel). In one embodiment, a measure of likeness may be
maximized, rather than a distortion measure minimized.
Cu(n) may be used as long as n=l, where 1 is the lost frame.
In the case of determining the concealment function, n may
not equal the frame 1 for which the distortion is being
computed. The concealment function may be given by:

i . 7
arg;mn {DF(CiTV | Cu)), @

Fl=

for frames that are available and for which good frames are
present for Cu.

Once the concealment function is selected and the subset
of'is identified for use, the concealment may then be applied
according to:

CU @)=/ m(ky). ®

In another embodiment, interlacing may be used such that
samples between channels may be offset within the same
packet. FIG. 9 illustrates an embodiment of an example
packing scheme for a stereo configuration using interlacing.
If a packet is lost, time instances lost may be packed in
another packet for a different channel and may exploited if
that packet is received.

FIG. 10 illustrate a method 1000 for applying a multi-
channel concealment scheme according to the above
description. Audio information, including packets of audio
information is received in step 1010. Audio information for
all channels may be received in step 1010. In one embodi-
ment, audio information for a left channel and a right
channel may be received. In other embodiments, more
complex audio information may be received including a
right channel, a left channel, a center channel, a LFE
channel, a Lsd channel, and an Rsd channel. In still other
embodiments, more or less audio channels may be received.
A relationship between each of the channels may be deter-
mined in step 1020. The relationship may be a cross corre-
lation metric (or factor) that is calculated from past and/or
present data and updated over time. Step 1020 may deter-
mine which channels are best used together for concealment
in the method of FIG. 11, described below. Which channels
are best used together for concealment may be determined
based on the cross correlation metric (or factor) by compar-
ing it to a threshold. If the correlation between channels is
high enough, the channels may be used for concealment. If
the correlation between channels is not high enough, chan-
nels with low correlation may be excluded from the con-
cealment function. In one embodiment, the correlation
between two channels may be great enough that the packet
(or information) from one channel may be used by a channel
that lost a packet (or for which the audio information is
otherwise corrupted). In another embodiment, the correla-
tion metric (or factor) may be used as a weighting function
for the concealment scheme.

The channel relationship may be defined by the known
origin of the audio, by measuring the cross correlation,
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detecting redundancy, or some other technique for defining
or detecting the relationship at the source and/or receiver. In
another embodiment, a mapping function of the audio infor-
mation may be used to determine the relationship of the
various channels.

Interleaving, interlacing, and/or FEC schemes may be
applied in step 1030 based on the channel relationships as
well as system requirements or constraints with regard to
signal transmission delay, bandwidth, jitter, or other system-
level considerations. The audio signal may then be trans-
mitted to the receivers in step 1040.

FIG. 11 illustrates a method 1100 of playing audio infor-
mation received from step 1040 of FIG. 10. Audio informa-
tion is first received in step 1110. Audio information for all
channels may be received by the various receivers in the
system. De-interleaving and de-interlacing are applied in
step 1020, corresponding to the interleaving and interlacing
applied in step 1030. Interleaving and interlacing (and the
deinterleaving and deinterlacing of step 1120) may serve to
spread out packet loss, thus making concealment easier. If
no lost packets are discovered in decision step 1125, audio
from the audio information may be played in step 1130. If
lost packets are discovered in decision step 1125, an FEC
scheme may be applied in step 1140. If the FEC scheme was
successful in recovering the lost packets and no lost packets
are discovered in decision step 1145, audio from the audio
information may be played in step 1130. If the FEC scheme
was not successful and there are lost packets detected in
decision step 1145, a concealment scheme may be applied in
step 1150.

The concealment scheme of step 1150 may be determined
by the receiver based on the channel relationships from step
1020 in one embodiment. In another embodiment, cross
correlation analysis may be applied to define the conceal-
ment scheme. The concealment scheme may be defined by
the transmitter in one embodiment or it may be determined
by the receiver. The concealment scheme may be fixed or it
may be dynamic. Certain portions of the concealment
scheme may be fixed, while others may be determined
on-the-fly.

In one embodiment, if a correlation factor representative
of the correlation between two channels is below a thresh-
old, the concealment scheme may use audio information
from a different channel that has a higher correlation factor.
In another embodiment, the concealment scheme may use a
correlation factor as a weight applied to the various chan-
nels. The correlation factor may be determined by evaluating
the audio information on the various channels in the RMC
over time.

After the concealment scheme is applied in step 1150, the
reconstructed (concealed) audio signal may be played in step
1130.

The multi-channel concealment scheme described herein
may be implemented in Wi-Fi headsets, to which a stereo
signal is transmitted, received, and played. The high corre-
lation exhibited by stereos may be particularly suited to
using the multi-channel concealment scheme. In another
embodiment, the multi-channel concealment scheme may be
implemented in a Bluetooth wireless speaker system. The
limited bandwidth of Bluetooth may necessitate encoded
audio signals. In this embodiment, a Bluetooth receiver may
first decode the audio signals before performing the corre-
lation analysis and the concealment scheme.

In the above description, numerous details are set forth. It
will be apparent, however, to one of ordinary skill in the art
having the benefit of this disclosure, that embodiments of the
present invention may be practiced without these specific
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details. In some instances, well-known structures and
devices are shown in block diagram form, rather than in
detail, in order to avoid obscuring the description.

Some portions of the detailed description are presented in
terms of algorithms and symbolic representations of opera-
tions on data bits within a computer memory. These algo-
rithmic descriptions and representations are the means used
by those skilled in the data processing arts to most effec-
tively convey the substance of their work to others skilled in
the art. An algorithm is here and generally, conceived to be
a self-consistent sequence of steps leading to a desired
result. The steps are those requiring physical manipulations
of physical quantities. Usually, though not necessarily, these
quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared
and otherwise manipulated. It has proven convenient at
times, principally for reasons of common usage, to refer to
these signals as bits, values, elements, symbols, characters,
terms, numbers or the like.

It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as
apparent from the above discussion, it is appreciated that
throughout the description, discussions utilizing terms such
as “encrypting,” “decrypting,” “storing,” “providing,”
“deriving,” “obtaining,” “receiving,” “authenticating,”
“deleting,” “executing,” “requesting,” “communicating,”
“initializing,” or the like, refer to the actions and processes
of a computing system, or similar electronic computing
device, that manipulates and transforms data represented as
physical (e.g., electronic) quantities within the computing
system’s registers and memories into other data similarly
represented as physical quantities within the computing
system memories or registers or other such information
storage, transmission or display devices.

The words “example” or “exemplary” are used herein to
mean serving as an example, instance or illustration. Any
aspect or design described herein as “example’ or “exem-
plary” is not necessarily to be construed as preferred or
advantageous over other aspects or designs. Rather, use of
the words “example” or “exemplary” is intended to present
concepts in a concrete fashion. As used in this application,
the term “or” is intended to mean an inclusive “or” rather
than an exclusive “or.” That is, unless specified otherwise, or
clear from context, “X includes A or B” is intended to mean
any of the natural inclusive permutations. That is, if X
includes A; X includes B; or X includes both A and B, then
“X includes A or B” is satisfied under any of the foregoing
instances. In addition, the articles “a” and “an” as used in
this application and the appended claims should generally be
construed to mean “one or more” unless specified otherwise
or clear from context to be directed to a singular form.
Moreover, use of the term “an embodiment” or “one
embodiment” or “an implementation” or “one implementa-
tion” throughout is not intended to mean the same embodi-
ment or implementation unless described as such.

Specific commands ore messages referenced in relation to
the above-described protocol are intended to be illustrative
only. One of ordinary skill in the art would understand that
commands of different specific wording but similar function
may be used and still fall within the ambit of the above
description.

Embodiments described herein may also relate to an
apparatus for performing the operations herein. This appa-
ratus may be specially constructed for the required purposes,
or it may comprise a general-purpose computer selectively
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activated or reconfigured by a computer program stored in
the computer. Such a computer program may be stored in a
non-transitory computer-readable storage medium, such as,
but not limited to, any type of disk including floppy disks,
optical disks, CD-ROMs and magnetic-optical disks, read-
only memories (ROMs), random access memories (RAMs),
EPROMs, EEPROMs, magnetic or optical cards, flash
memory, or any type of media suitable for storing electronic
instructions. The term “computer-readable storage medium”
should be taken to include a single medium or multiple
media (e.g., a centralized or distributed database and/or
associated caches and servers) that store one or more sets of
instructions. The term “computer-readable medium” shall
also be taken to include any medium that is capable of
storing, encoding or carrying a set of instructions for execu-
tion by the machine and that causes the machine to perform
any one or more of the methodologies of the present
embodiments. The term “computer-readable storage
medium” shall accordingly be taken to include, but not be
limited to, solid-state memories, optical media, magnetic
media, any medium that is capable of storing a set of
instructions for execution by the machine and that causes the
machine to perform any one or more of the methodologies
of the present embodiments.

The algorithms and displays presented or referenced
herein are not inherently related to any particular computer
or other apparatus. Various general-purpose systems may be
used with programs in accordance with the teachings herein,
or it may prove convenient to construct a more specialized
apparatus to perform the required method steps. The
required structure for a variety of these systems will appear
from the description below. In addition, the present embodi-
ments are not described with reference to any particular
programming language. It will be appreciated that a variety
of programming languages may be used to implement the
teachings of the embodiments as described herein.

The above description sets forth numerous specific details
such as examples of specific systems, components, methods
and so forth, in order to provide a good understanding of
several embodiments of the present invention. It will be
apparent to one skilled in the art, however, that at least some
embodiments of the present invention may be practiced
without these specific details. In other instances, well-known
components or methods are not described in detail or are
presented in simple block diagram format in order to avoid
unnecessarily obscuring the present invention. Thus, the
specific details set forth above are merely exemplary. Par-
ticular implementations may vary from these exemplary
details and still be contemplated to be within the scope of the
present invention.

It is to be understood that the above description is
intended to be illustrative and not restrictive. Many other
embodiments will be apparent to those of skill in the art
upon reading and understanding the above description. The
scope of the invention should, therefore, be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled.

What is claimed is:

1. A speaker comprising:

a receiver circuit configured to receive a plurality of
packets containing a plurality of frames of audio infor-
mation for a first channel and a second channel, the first
channel being associated with the speaker, wherein
each of the frames corresponds to a time for playing the
audio information for a corresponding channel; and

a processor circuit configured to:

w

10

15

20

25

30

35

40

45

50

55

60

65

10

determine a correlation factor for the first channel and
the second channel based on the plurality of frames
for the first channel and the second channel,;

determine if the audio information comprises a lost
packet for the first channel, the lost packet contain-
ing a lost frame for the first channel having a
corresponding time; and

apply, if the correlation factor is above a threshold, a
concealment scheme to conceal the lost frame using
one of the frames for the second channel having a
corresponding time that is different from the corre-
sponding time of the lost frame for the first channel.

2. The speaker of claim 1, wherein the processor circuit is
configured to apply the concealment scheme based on all of
a plurality of channels for which the correlation factor is
above the threshold.

3. The speaker of claim 1, wherein the processor circuit is
configured to apply the concealment scheme based on a
plurality of channels, and wherein processor circuit is further
configured to weigh the plurality of channels based on the
correlation factor corresponding to each of the plurality of
channels.

4. The speaker of claim 1, wherein the processor circuit is
configured to apply the concealment scheme based on a
subset of a plurality of channels for which the correlation
factor is above the threshold, wherein the subset of the
plurality of channels includes channels with one or more
greatest correlation factors.

5. The speaker of claim 1, wherein to determine the
correlation factor, the processor circuit is configured to
evaluate packets of the first channel and the second channel
over time to generate a mapping function.

6. The speaker of claim 5, wherein the processor circuit is
configured to update the mapping function to reflect the
correlation factor dynamically changing over time.

7. The speaker of claim 5, wherein if the correlation factor
is above the threshold, the processor circuit is configured to
apply the concealment scheme based on a second packet for
the second channel to estimate a first packet for the first
channel that is lost.

8. The speaker of claim 7, wherein to apply the conceal-
ment scheme based on the second packet for the second
channel, the processor circuit is configured to apply a
transformation function to the second packet based on the
correlation factor.

9. The speaker of claim 1, wherein if the correlation factor
is below the threshold, the processor circuit is configured to
apply the concealment scheme based on a third packet to
estimate a first packet for the first channel that is lost,
wherein the third packet is derived from a fourth packet and
a fifth packet for the first channel, and wherein the fourth and
fifth packets are separated in time from the lost packet.

10. The speaker of claim 1, wherein the processor circuit
is further configured to de-interleave packets prior to deter-
mine the correlation factor.

11. The speaker of claim 1, wherein the receiver circuit is
configured to receive the audio information through a wire-
less communication protocol.

12. An audio device, comprising:

a wireless receiver circuit configured to receive a plurality
of packets containing a plurality of frames of audio
information for a first audio channel and a second audio
channel, wherein the first audio channel is associated
with the audio device, and wherein each of the frames
corresponds to a time for playing the audio information
for a corresponding audio channel; and

a processing device configured to:
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determine a correlation factor for the first audio channel
and the second audio channel based on the plurality
of frames for the first audio channel and the second
audio channel;

determine if the audio information comprises a lost
packet for the first audio channel, wherein the lost
packet contains a lost frame for the first channel
having a corresponding time;

apply, if the correlation factor is above a threshold, a
concealment scheme to conceal the lost frame using
one of the frames for the second channel having a
corresponding time that is different from the corre-
sponding time of the lost frame for the first channel;
and

generate a replacement packet for the lost packet by the
concealment scheme; and

a speaker circuit configured to play sound based on the

replacement packet.

13. The audio device of claim 12, wherein the processing
device is configured to apply the concealment scheme based
on all of a plurality of audio channels for which the
correlation factor is above the threshold.

14. The audio device of claim 12, wherein the processing
device is configured to apply the concealment scheme based
on a plurality of audio channels, and wherein the processing
device is configured to weigh the plurality of audio channels
based on the correlation factor corresponding to each of the
plurality of audio channels.
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15. The audio device of claim 12, wherein the processing
device is configured to apply the concealment scheme based
on a subset of a plurality of audio channels for which the
correlation factor is above the threshold, wherein the subset
of the plurality of audio channels includes audio channels
with one or more greatest correlation factors.

16. The audio device of claim 12, wherein to determine
the correlation factor, the processing device is configured to
evaluate packets of the first audio channel and the second
audio channel over time to generate a mapping function.

17. The audio device of claim 16, wherein the processing
device is configured to update the mapping function to
reflect the correlation factor dynamically changing over
time.

18. The audio device of claim 12, wherein if the corre-
lation factor is above the threshold, the processing device is
configured to apply the concealment scheme based on a
second packet for the second audio channel to estimate a first
packet for the first audio channel that is lost.

19. The audio device of claim 18, wherein to apply the
concealment scheme based on the second packet for the
second audio channel, the processing device is configured to
apply a transformation function to the second packet based
on the correlation factor.

20. The audio device of claim 12, wherein the processing
device is further configured to de-interleave packets prior to
determine the correlation factor.
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